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The 3-: Bands of Carbon Disullide and Carbon
Dioxide
Norman M. (Gailar and Earle K, Plyler

. The %w bavds of carbon disnlfide and sarbon dioxide are described. Thiz bend of OF
17 camplex, eontaining two trameitions foom excited stater and two transitions a.t.t.ribuluf
to the jsotopis molecule CEFEW iy sddition to the peimary trénsltion 000008 of CEJ:

A multiple-reflaction oell v B-meter path len

in deseribed.  Molesular constants, ara chanﬂ far C0y and found

20-am opties, end negligible losa of aperture

or C8;. Thesa latter

cotatants sre Fe=01083 o'k 000, o=>00007 st 0003, Xoy= —5.2 en~?, and

Xun=—3.8 e L

. The infrared abgorption spectrum of carbon dioxide
i well knowsn, Carbon disclide, however, althoygh
of gimilar structure, has received much less atody.
This is probably due to the difficulty of resolving
the fine miructure of ifa spectrum, eaused by the
large moment of inertia of this molecule, In order
to resolve the fine structure, aseversl wirements
muet be met. A spectrometer capahble of resolvi
to 1 or 2 tenths of & wave number in the repion
tha Eentrum must be used, and a path of sufficient
length to permit messurable sbsorption must be
devised,

Bath conditions being obtsinablo in the Radi-
ometry laboratory of the Bureau, the 3»; band of
C5; has been studied, along with the ansiogous band
of CQ,.  This latter band has been ohserved under
fow resolution by Barker and Wu! and under higher
resolution by Goldborg, Mohler, Pierce, and Me-
Math,? but thay did oot raport the band origin.

The spactrometer used was a 15,000)-line-per-nch
%ra_mqg spectrometer with g lead-sulfide detector.

his instrument, previously described,* was capable
of resolving to better than 0.1 em~! in the 2.2-4
{C3,) ragion and to hetter than 0.2 e~ in the 1 4-4
OO0 relginn.

A multiple-refleciion sheorption cell was veed to
obtain & long path length. desipning the cell a
major consideration was to avoid the loss of aperture
when small mirrors were used. The cell was designed
for use in_the spectral region beyond the photo-
graphic. This prevents the use of a long exposure
time io compensate for sny loss of aperture. In
order to koep glit widths at & minimom and resalution
at & maximum, the path length was kept to § m.
With this path lengih it wss possible o design &
cell with negligible loss of aperture and still use
emall-diameter optics. A cell of long, varisble path-
lan%lh and somewhat different optica has been de-
geribed by White !

Figure 1 is n schematic drawing of the cell with a
cantral ray traced through the system. The lines
repreaeniing this ray are nuwrobered according to the
number of the tranaversal of the cell they represent.
The source, S, is placed off-axiz and farther from the
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epherical mirvor, A4, then the radius, R, of this mir-
tor, The radius of curvature of thia mirror is 102
cm, and it has & diameter of 18 emn,  Light from the
gource followe line 1 to M, fine 2 to mirrors 3f; and
A, line 3 back to M, et¢. The plane mirrors, M,
M, M, A, snd My, are 5o arranged as 6o canse the
final image of the source to be focussed on the
entranes slit of the spectrometer. These plane mir-
rorz were adjusted with the sid of a photecell, assur-
ing meximum transmission of energy. Points X
and X sre the peinta where the imaga of the scures
i focnseed the first and second times. M, is placed
conriderehly off-axiz 0 that M, can reflect tha light
out of the cell without intercepting ]Jghtnfomg 0
M, or Af;. At no bime iz the off-axis sondition as

t us 8% An alvminum tube 1 m long snd 20 cm
maide diwmeter forms the body of the cell.

An originel record obtained on the recorder is
shown in figure 2. The water absorption bands in
thie region distorted the CO. lLines, and thus the
various constanta could not be calewlated with the
utmost geeuracy. Tahle 1 shows the wavelength
and vacuum wave number of the lines of this spec-
trum.
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In snalyzing the strneture of the 3y band of (O,
uge was made of the well-known combination l:ljﬂ’lz«ri
ences for linsar moldbules *

BWI— 1 —PJ+1)=4B"(J+1/2), (1)
BN+ Py =2w42B"+2(B'—B'"VWJ(J+1). (B)

Here B' is the upper and B the lower-state rota-
tional constant, »; the band origin, J the rotational
quantum number of the lowear etate of the transition,
and £ and K are the short snd long wave-number
branches, respectively. These relations vield »,=
68724 cm™', pa=00022 cm"', By=03%00 c¢m-L
These values are in good agreement with those
reported by Benedict, Herman, and Silverman.®

Using the value of 2349.3 cim~! for » as reported by
Hexrzberg (footnete 5), Ap=—12.6 e & value

5§, Heraberp, Infrared and Raman spocles of palyabot fo boleetbe, chnpifss
oI, [V (1. Vabo Neabrand Co, Baw Yok, N. Y lﬁsj. g chnk
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of 22.5 em™! for Xy given by Benedict, Herman, and
Silverman {footnote &) is w typegraphicel error and
wiaad intended to read 12.6 cm™

The 3 band of C8, is presented in figure 3. Hera
five different bend beads esn be seen. The major
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band head and the rotationsl structure are of the | Tarwe 2, Worelengthe dand wase numbers of the 3y
000—003 transition and oceur at about 572.3 em™'. band of C3,
At 4561.3 em ™! is the band head for the ssme transi-

tion for the isotopic molecule CE¥5*, The bhand warn | Wove
head of tha transition 01'0—01'3 cccurs st 46562.6 7 | = | e | gember | wumber
em~), and the head for the same traneition for the ohaared | caloutabed
iﬂut-npic molecule occurs at 464 1.9 em™. A vory a om—t | ot
weak band head cen he seen at 4533.0 cm™. Ths a1 19 | eI | WM | amed
enn he attributed to the pair of transitions 02%0—02°3 i W Aen | el gab
and 020—02%3. The band head of the transition @ | U | | een | e
100—103 is expected to occur 8% approzimately this
position and may be superimposed at 4533.0 em—. " 8 fhemu | pes | wmb
The scarcity of lines in the K branch of the H I | mmsaw | denn | dssnre
gm ringipal transition preventuad tha use of the com- R S ' '
ation differences (eq 1 and 2). Instead, the e | Ti| mmane | S| nom
ahsorpiion lines were ﬁt-t.ed to the equation S Sh | R | | M
I -
ymrt BBk BB, @) ry | o | g | uan | ana
{zee footnote 5) in order to determine »,, B’ and B, 2 | Zm | Gsea | SH | SRR
symhola hava the same meani as in og 1 B B e | e | L0
and 2. m=J+1 for the B branch, = — for M| - | memds | e | osm
tha P branch, A lemst-square fit to this equation - - R~ -l B+ 04
Fielded »y=4566.60 cm™, By=0.108% cm™*, and B | R | Umlh ) wkn | W6
my={8""—B" f3=0.007 cm=', Table 2 containa the ’ '
J and m values, the wavelengths, and vacuum wave TM | D6 | moiis | toam | dmest
numbers of the lines of this spectrum, and the wave b - 5 -
numbers calculated from eq 3. 1 ) -1 | Dumze | dme | ame
Tha lecation of tha band oripine can be ealeulated P | —sa | somer | s | cmu
t0 n good first approximation by assuming thet the B 20| s | G | ERG
differences, vyinei—*n remain constant. ‘Thia iz 5t | —50 | mosmm | 4ssnm | s
ghown by considering aq 3. A band head is et~ B he | mma ) saH ) L0%
ed when dzfdm=0 or when m=—(B158")/2 - -l
{B'—DB", Bubatituting this value of m into » 3 @ | =38 | L | AWEN | doin
Viund heua— Vo= — (B + B LBEB" B") for the diffe & | “& | Zeeil | svc e | 2oa5w
enca between the han pd and the beod Dﬂglﬂ+ Pos | —te | momos | ssscen | soasss
Compmng this d]ﬁermue- for two fransitions e | —66 | a0y | wax | seo
(Pram ¥ 000-mor ¥o) o 3= —{Fua ) =7 | UL | AsLs | 5L
+Bonn}!1'r* {BM“BMO:‘ +{Bu| :+Bnl’n] J’* {Bm‘a — By Ll Il R 065 | SR
Expressing these 485 in terms of the egquation Pt | i | e | gmds | umy
B(»=8 ‘——-;}mﬁ':+ﬁiﬂfﬂ) gee footnote 5) and noting M| - | BeEL | daris | i
M| Za0 | Emdmsh | dsmm | e
that Fop o, to¢ » pood approximation, we find 2| -8 | DL | 07 | 4B TE
{Poamt neaa = Folono-s00s —(PLmod b—d—?u}m‘oﬂm‘a{ﬁ T I B L Y L

Smﬂa B, 18 aggmmata ly 0.1 cm™, it is seen thai

difference between band head and band origin

ia equal for the transitions 00(—003 and 01'0—01'3
to within experimantal #rTor.

Tlsing this relatior, »y for 01'0=01°2 is found to

be 4546.7 cm~Y. Teking the value of »,; for 000—001

of 1532.5 cm™! as measured at the Burenu on a

prisiy spectometer, 1t iz found that Xyy=—5.2 em™!
and Xy=--3.8 cm™ WasHINGTON, JaNUary 21, 1952,




